This paper aims to analyse the effects of institution quality on technology catch-up in five North African countries (Algeria, Egypt, Morocco, Sudan and Tunisia) compared to 3 groups of developing and emerging countries (Sub Saharan Africa, Asia, and Latin America) over the period . The study adopts a two-stage methodology. In the first step we estimate the technology gap using the matafrontier approach. In second step we test the relationship between the technology gap and the quality of governance. The empirical results show that institutions (corruption, law and rules and investment climate) are very important in closing the technology gap and speeding up the technology catch-up. Other determinants of the technology gap are also identified: foreign direct investment, human capital and trade.
Introduction
During the 1970s, most North African states implemented post-colonial development programmes, including major infrastructure projects in education and public health. However, many factors indicate that the development process applied since the 1970s, has failed to deliver its promise. Despite massive investments in infrastructure, in schools and in health, the North Africa region in general still suffers from major shortcomings and from development results that are far below expectations.
The recent crises concerning food and finances highlight the extreme fragility of the North African countries and question the sustainability of the development processes. The economic and social impacts of these crises on the economies of the region signal the magnitude of the challenges facing the region and the need to reorient its development policies. The social stress and economic instability caused by these challenges give a good indication of what might be expected in the future.
Many experts highlight the necessity for the North African countries to transform their commodity-based economy to knowledge-based economies. Indeed, the recent developments in the world economy confirm that knowledge, innovation and technology are the main drivers of economic growth. In more competitive international enviornment improving productivity by bridging the technology gap becomes a priority if the economies of the region are to remain viable in the global economy.
However, as a consequence of the excessive reliance on raw material exports for foreign exchange earnings and on foreign markets as a source of industrial products and food items, the economies of the region have accumulated an important technology lag. While many developing countries are constantly upgrading their own technological capabilities and become increasingly competitive, the North African countries still lack the ability to create and adopt new technologies. Moreover, low social capital, security and social tensions, conflicts, deteriorated business environment, due to excessive public intervention, and low quality of human capital are additional bottlenecks handicapping technology progress in the region.
In 2008 a report by the World Bank 1 says that the capacity of a country to absorb new technology depends on its overall economic status and governance. Indeed, the economic and institutional environments as well as quality of education affect risks for entrepreneurs taking on new technologies. In addition, the experiences from many emergent economies confirm that good governance can improve legitimacy, engage citizens and spark commitments and further innovation.
A substantial literature points out that to a large degree, the ability of any economy to grow and to continue to function in the face of unexpected events depends on the institutional structure and the operational systems in place, and the resilience of these. Moreover, it is widely accepted that social relations and institutions contribute to the effective functioning of the economic system.
The role of institutions and good governance in promoting economic growth is confirmed by many recent studies (see Rodrik, Subramanina and Trebbi, 2002; Easterly and Levine, 1997; Kormendi and Meguire, 1985; Knach and Keefer 1995; Mauro 1995) . For instance, the Global Report 2009 Report -2010 , considers important pillars of economic development to be the institutional environment and solid institutions that play a crucial role during economic crisis.
Competitiveness
Using a sample of 140 countries, Rodrik, Subramanina and Trebbi (2002) show that governance explains cross-country income differences. They point out that institutions matter more than openness and geography in determining income level. Meon and Weill (2005) test the relationship between governance and technical efficiency for a sample of 62 countries and find that rule of law are affects economic efficiency. Adkins et al. (2002) test the relationship between efficiency and economic freedom and find that lack of economic freedom results in lower efficiency.
In general empirical studies on productivity differences use growth regressions based on the traditional neoclassical growth model (Solow, 1956) On the other hand, in the new growth theory models, the productivity term does not have to represent technological progress, because these models have alternative avenues for technological progress. In this new growth theory models productivity term stand for nontechnological components which may obviously vary across countries.
To be more acquit than studying the determinant of a Solow residual which have a very large definition, we estimate the economic efficiency. Production efficiency is an allocative component of TFP in addition to a technical one according to Fare et al. (1994) . This definition makes insightful contributions to exiting literature on growth theory. Zachariadis, (2004) conclude that efficiency have been significant in determining the growth trajectories of many developed economies. In addition, we estimate the technology progress to measure the technological capability of the region compared to the more preferment emerging countries. The main contribution of the paper is to focus on the competitiveness of the North African region by studying the technology catch-up and its main determinants. Bank (2008) Compared to East Asia and Latin America, the most performant developing regions, North Africa scores lower with respect to the four indicators (table 1) . In addition, the region scores lower than the four regions with respect to innovative system indicator. The important deficit in the innovative system that contributes to the technology gap is mainly explained by the scarcity of entrepreneurship and innovative human resources. Indeed, because of poor expenditures on R&D and week institutional support, the business environment in the region in not effective enough to promote entrepreneurship and innovation. Investment in R&D is extremely low (less than 1/7 of the world average) and access to information and sources of knowledge is still limited (only 6.5% of the population uses internet).
Moreover, over the last two decades braindrain in the region has increased and millions of highly Weak governance and corruption are additional bottlenecks handicapping the human and institutional development of the region. Familialism is still important in the region, and favours and kin reciprocities often govern people's interaction (Abu-Laban & Abu-Laban , 1987) . As is shown in table 2, most MENA countries suffer from bad governance and political instability. Indeed, with a few exceptions, the region is below the world average in terms of government effectiveness and political stability. Moreover, most countries rank poorly in terms of corruption; Corruption Index consistently ranks these nations below the world median. As is shown in table 3, in terms of human development, many of the region's nations have achieved higher levels than other developing countries, as indicated by the relatively higher life expectancy for females and literacy rates. However, the recent gains in human development are fragile, insufficient (especially for Morocco and Mauritania), and are not built on long-run government policies (Arab NGO network for Development, 2009).
Empirical Methodology
The first step of our analysis consists to determine the stochastic production frontier for each group of countries, as they are supposed to be endowed with different production technologies.
We use the stochastic production frontier method with variable inefficiency as proposed by Battes and Coelli (1995) . This method is increasingly used in the literature for analyzing productive inefficiency at the macroeconomic level (Adkins et al. (2002) , Meon and Weill (2005) , Mastromarco (2008)). It consists of using the best practices of the countries under consideration to construct a production frontier that makes it possible to calculate for a given country at a given date, the potential output for a technology and a given quantities of inputs.
Productive inefficiency is defined as the ratio of actual output to potential output. If it is equal to one, then the country is making a perfect use of its factors of production relative to other countries of the group.
It is assumed that each country i, belonging to group k=1,2, 3, 4 makes use of its factors of production (capital , labour, and human capital) according to group specific technology. where, is the output (GDP) the stock of physical capital, the stock of human capital, the economically active population the total factor production, expressed as :
, where, is a scaling parameter, and the Hicks-neutral technical progress ratio.
The term is an error term identically and independently distributed according the normal process ). The term is a non-negative error term independent from , which represents the productive inefficiency. is distributed independently as a zero-truncated normal process.
Technical efficiencies which allow us to examine the performance of the i-th country relative to the individual group frontier cannot be used to measure the technological capability as countries from different regions operate under different production technologies. Bettes et al. (2004) propose an approach where the productivity in a given region or group, may be estimated relative to a metafrontier. Compared to the regional frontier which represents the state of technology in the region, the metafrontier represents the state of technology at the global level. The metafrontier function is therefore a frontier function that envelops all frontiers of individual countries or groups. The main advantage of the metafrontier approach is that to distinguish between efficiency and technological change.
The metafrontier production function model for the county i, is expressed by:
Where , and denotes the vector of parameters for the metafrontier function and resulting from solving the following linear program (Battes et al. (2004) ):
The technology gap for country i is defined as the ratio between the potential production that is achievable using the technology of the group to which country i belongs, and the potential production in the hypothetical case where country i has access to the better technology. The technology gap ratio for the i-th country (in the k-th group) at the t-th period is defined as:
The ratio is equal to one when the country technology frontier coincides with the metatechnology frontier. Countries closer to the metfrontier have higher technology gap ratio and considered as more advanced technologically. An increase over time in the technology gap ratio indicates a technological catch-up that we want to test the main determinants.
The technical efficiency relative to the metafrontier function, however, is defined as:
where,
: the technical efficiency relative to the stochastic frontier for the given group, : the technology gap ratio for that group.
Empirical Results
We consider four groups of countries 5 . 
A metafrontier estimates
The estimation of the frontier model is presented in Table 3 and the Limdep 8 package was used to estimate the frontier model. In general, the t-values show that almost all coefficients are significant at the 1 per cent level. The generalized likelihood-ratio test for the null hypotheses, that the regional frontiers do not differ is LR 7 = 2438. This has a p-value of 0.00, so we reject the null hypothesis that the regional frontiers are identical. As the stochastic frontiers across regions differ, it is not possible to use the pooled stochastic frontier and we have to estimate a metafrontier. We use Shazam program given by Battes et al. (2004) for the estimation of the metafrontier parameters and the technology gap ratio 8 . 7 The LR Statistic is defined by
Where L(H 0 ) is the value of the likelihood functions for the stochastic frontier estimated by pooling the data for all groups, and L(H 1 ) is the sum of the values of the likelihood functions for the regional stochastic production functions estimated separately. 8 Technology gap scores by countries are presented in the appendix. 1 9 7 0 1 9 7 2 1 9 7 4 1 9 7 6 1 9 7 8 1 9 8 0 1 9 8 2 1 9 8 4 1 9 8 6 1 9 8 8 1 9 9 0 1 9 9 2 1 9 9 4 1 9 9 6 1 9 9 8 2 0 0 0 2 0 0 2 2 0 0 4
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As is shown by figure5, the slight increase in technical efficiency during the last decade has not compensated for the widening technology gap relative to the most performing developing countries (Asia and Latin America). The technology used in the region lags behind the global technology and the technology gap continues to widen over time. Wile many developing countries are constantly upgrading their own technological capabilities and become increasingly competitive, North African countries still lack the ability to create and adpt new etchnologies.
The increasing technology gap relative to the global technology in the last decade suggests that the capacity of the region to absorb the new technology is very limited. This confirms once again that the region lacks of real engines for economic growth and that its economic performance depends on the international conditions The main conclusion from the technical efficiency analysis is that North African countries cannot expect an improvement in economic performance unless they succeed to improve their ability to acquire and adapt to new technologies. This confirms that the development processes in the region is distorted and essential reforms are needed if these are to remain viable in the global economy. So what are the main conditions for the region to catch up and to fill the technology gap?
Economic and intuitional reforms and technology catch-up in North Africa
A substantial literature shows that good institutions are essential for higher economic performance and help to foster innovation and diffusion of new technologies. It is argued also that openness to foreign market and high skilled people facilitate the absorption of new technology and help to faster technological catch-up. For instance, Iyer, Rambaldi and Tang The general model to be estimated is defined as follows 9 :
: is echnology gap ratio between the country technology and the metatechnology.
trend: is time trend.
Education: is an indicator of human capital as defined previously. 9 We test a first model where only macroeconomic variables are included. In the second and third model we include both macroeconomic and institutional variables.
FinDev: is an indicator of financial development and approximated by the ratio credit to the private sector over GDP.
Openness: is an indicator of trade liberalization and defined as the ratio of total exports and imports over GDP.
FDI: is defined as the total flows of FDI over GDP.
Inst: is an indicator of the quality of the institutional environment in the region and captured by five variables 10 : an indicator of democratic accountability, an indicator of corruption 11 , an indicator of bureaucracy, an indicator of investment profile, and an indicator of law and order 12 . The results of our econometric analysis are presented in table 5 and suggest that, first, human capital, trade openness and foreign direct investment contribute positively and significantly to bridge the technology gap in the region. Second, except from investment profile, all the institutional variables contribute significantly to technology gap. Moreover, the sign of the coefficient are as expected: higher level of corruption and bureaucracy impact negatively technology gap, and better enforcement rules and democratic accountability help the region to reach higher production frontier.
Therefore, the low scores in terms of institution quality recorded in the region may be considered as the main causes of the large and widening technology gap. This means that the political commitments from the governments in the region to address insecurity and uncertainty into economic relationships are still insufficient. In addition, despite the different strategies to attract foreign direct investment, the investment climate and country's policies toward the free capital flows seems still ineffective to favour technology transfer in the region. The ability and the facility to start and operate a business seem to be limited by the malfunctioning of the administrative and fiscal systems.
The positive and significant coefficient confirm that international trade improve total factor productivity in the region through the transfer of technology and/or the use of higher quality intermediate input (Rivera-Razin and Romer , 1991) . Moreover, results show that FDI is not merely the means of opening new markets for multinational companies but also a way for achieving higher productivity through technology transfers. In other hands, higher quality of education system contributes significantly to reduce the technology gap through higher ability to create and adapt new technologies and favors technology transfer.
Finally, we used different indicators to measure financial development in the region and we find no significant coefficient. This result shows that the financial sector, which supposed to support technology catch-up by providing financial resources, seems playing no role in improving the capacity of the local economy to absorb new technologies. This confirms financial system's inability to allocate capita efficiently. Therefore, more effort needed to make local financial sectors meet international standards for capital.
Conclusion
North Africa finds itself at a crossroad, faced with new opportunities but also challenged by real social and economic debacles. Development programmes implemented by the different states have failed to deliver significant results, and essential reforms are needed if these are to remain viable in the global economy.
In North Africa, governance and institutions deficiencies is proved to greatly explain the low economic performance of the region during the 1990s and the early 2000s. This paper shows that improvement in governance and institutions is a key issue for the region to catch-up. It proves that the disappointing governance quality in the region causes inefficiency. But institutional variables have not been the only reason of low efficiency performances; the deficit in structural reforms constitutes another major explanatory factor (financial development). This has been the case over the whole period 1970-2005. This makes reforms an important question that governments in North Africa have also to address if the region wants to catch up with more successful developing economies. However the reforms have to be supported by good governance and institutions which helps the region to access to a higher development horizon.
Improvements to macroeconomic management as well as institutional reforms are essential to enhance efficiency and facilitate the absorption of new technology.
An effective reform approach in North African countries can be based on the following actions:
building market institutions, developing political institutions, ameliorating the investment climate, strengthening the rule of law and combating corruption. The North African countries have also to encourage the private sector to improve youth employment, develop the financial sector which is shown to be very important in increasing the economic efficiency.
To reach such goal North Africa needs a new social contract that will make better governance possible. Past reform efforts were not only selective and incomplete, but above all lacked participatory quality. Top-down policies were pursued by the ruling elites and foreign technocrats, which contributed to the feeling of disconnect between the reformers and society at large. The region needs country-specific institutional reforms that come out of local solutions built up from a local knowledge, conviction and experimentation. The region needs clearly a political will. 
